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By McHenry Mosi ere/ 


INTRODUCTION 


This is the fourth progress report in the series on the use of detachable 
rock-drill bits in the metal mines af the United States. It contains compara- 
tive statistics and costs on drilling at eignt mines not reviewed in previous 
reportse/, comparison of the use of detachable bits at smell mines and large 
mines, a discussion on the life of drill rods, and ,eneral conclusions derived 
fron an analysie of the rock-drilling practtce at ail the mines investigated 
on this survey. This paper completes the descriptions of cperating practice 
in rock drilling at individual mines. Data on drillias practices at 28 mines 
are given in appendices I and II end drilling costs are shown in appendix ITI. 


Research in the fundamentals of rock drilling, including the use of detach- 
able bits, has been undertaken by the Bureau of Minee in its testing adit at 
Mount Weather, Va. Revorts on the progress of this investigation will be 


issued when results warrant their publication. 
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GENERAL CONCLUSIONS DERIVED FROM ANALYSIS OF | | 
DATA DEVELOPED BY 28 METAL WINES 


Rock-drilling practice, including the use of detachable bits, is an 
individual problem at each particular mine. Since the process of drilling 
Comprises many subdivisions, each with wide variations from one property and 
one district to mother, it is difficult to establisl. a fixed universal 


1/ The Bureau of Mines will welcone reprinting of this peper, pyovided the 
following footnote acknowledgment is used: Revrinted from U. S. Bureau 
of Mines Information Circular 

2/ Supervising engineer, metal mining research section, Mining Division, 
U. S. Bureau of Mines. 

3/ Mosier, McHenry, Progress Reports on Investigation of the Use of Petachable 
Rock Drill Bits: Information Circulars 6877, 6911 and 6936 Bureau of Mines, 
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standard for this work. The truc basis of comparison between the detachable 
bit and the conventional bit is the total cost per foot of hole drilled at 
the mine under consideration, 


The success or failure of detachable bits at a given property depends 
not only on the comparative service of the bits but also upon the quality 
of the fabricated rods or shanks to which the bits are attached. Since in 
general, at this date, the development of rods has not kept pace with im- 
provement in the manufacture of detachable bits, the service of u rod at 
present hinges principally upon its treatment during fabrication in the con- 
version shop. Thus, improper shop methods in making up rods might cause an 
adverse decision on the adoption of detachable bits even though their drilling 
performance were favorable in all othcr ways. 


Although it is difficult to avoid personal prejudice in research and to 
form unbiased conclusions, yet an honest desire to determine the facts, with 
due consideretion of all the items affecting the totel cost of drilling, will 
do much to eliminate conflicting information concerning the use of detachable 
bits, 


An imperionl index for the use of detachable bits in metal mines has 
been derived from an analysis of drilling practice at those metal mines 
throughout the United States where comparative data were Known to be avail- 
able. This does not apply to small contracts for rock cxc&avation but pertains 
to routine metal~mining operations. The index is based on the life of a 
detachable bit in terms of feet drilled from its initial use until its final 
discard. In other words, the life is the cum of the distances drilled on 
all its uses, including those after cach reconditioning; it is the total feet 
drilled per bit purchased. Although the life of a detachable bit is not a 
simple function of any single quality cf the rock drilled, nor of any one 
characteristic of drilling equipment, yet its principal factor is the abrasive- 
ness of the rock drilled. 


Under present conditions at the metal mines included in this survey, if 
the life of a detachable bit is in excess of 10 feet, its use is almost 
certain to prove more advantageous than that of the conventional bit on 
Tegular stecl, provided the diameter of the drill hole in normal use lies 
within the range of detachable bits. If the life is less than 4 feet, there 
is little prospect that detachable bits will prove economical. 


This 4~foot limit is one of the curious things discovered from comparison 
of data from all the mines studies, Although enpirical, it may be that under 
these conditions the depreciation charge on detachable bits exceeds transpor- 
tation and forging costs for conventional bits, If the life lies in the zone 
between 4 and 10 treet, usually there must be some special condition to warrant 
the adoption of detachable bits, If this speciai coné@ition does not occur 
throughout the entire mine, the use of detachable bits may be limited to 
certain sections or to specific operations where the favorable circumstences 


do apply, 


DETAILED ROCK~DRILLING DATA AND COSTS 
AT INDIVILUAL MINES 


Comparison of rack-drilling practice with conventional and detachable 
bits et cight individual metal mines is shown below. Where costs cnd data 
on drilling performance were uvailable, they are also included for each 
Rinc investigeted. 
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WESTERN MINE NO. 1 


CONCLUSIONS 


At this mine detachable bits are becoming the standard for all drilling. 
The only conventional bits now in use are those used vith hand-rotated stopers, 
which are being replaced gradually by self-rotated machines. A marked decrease 
is shomm in the total cost per foot drilled with detachable bits. The use of 
detachable bits has reduced the amount of time lost by miners in transporting 
drill steel and has increased the time available for drilling at the face. 
Detachable hits have increased the drilling speed. 


ROCKS DRILLED 


The rocks drilled at this mine are metamorphosed sediments into which 
have been intruded diabase and porphyry. All of these rocks, including the 
ore areas, have been considercbly silicified. The ground, elthough quite 
variable in hardness, is considered to be good driiling. 


OPERATING PRACTICE 


The machine drills in use are 2-1/4-inch and 2-5/8-inch jackhammers, 
2-1/4-inch and 2-3/4~inch hand-rotated stopers, 2~5/8-inch and 3-inch automatic 
rotated stopers, and 3-1/2-inch drifters. A few cf the drifters are equipped 
with automatic feed. There is one operetor per drill. Air pressure at the 
compressor is 90 to 95 pounds per square inch and at the drill it is &0 
pouncs minimum, The average depth of holes is 5 feet in development headings 
and 12 feet in the wndercutting in stones. Jackhammers have a penetration of 
about 6 inches per minute, while 3-1/2 inch drifters have 12 inches and 4-inch 
drifters 15 inches per minute. The effective drilling time is 4 hours per 
machine-shift. 


REGULAR STEFL WITH CONVENTIONAL BITS 


Conventional bits are the standard cross type with 30° between cutting 
faces and with double clearance taners of 5° end 14°. The carbon content of 
the steel is 0.85 porcent. 


The sharpening shop, which is at the collar of the sheft, hes the follow- 
ing equipments 3 machine charpeners (2 are now spares), 3 punches (2 are now 
spares), 4 single~opening of] fixnaces that use high-pressure air, 1 pyrometer 
on furnace for quenching heat, 2 forges and anvils, 1 watcr quenching tank, 

1 oi] quenching tank (water-jacketed by being placed inside a larger tank), 
aad 1 air hammer, 


The incoming dull steel 18 sorted by lengths and placed in suitable 
racks. At present, 50 pieces of steel with conventional hits are sharpened 
per day. The routine for forging and hardening, which follows ecceptcd 
stendards, includes the trestment of the hot bits with powdered cyanide. A 
5~pound can of cysnide, costing $2.25, will treat 2000 bits. The life of a 
bit is thus increased approximately 30 percent. Before detachable bits were 
Par eee! one operator and his helper sharpened 425 pieces of steel per 

ts : 
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Reconditioning ccnventional steel at this mine follows a 6-day cycle. 
In other words, it requires 6 Gays.for & given piece of steel, after leaving 
the sharpening shop, to be transported to the underground magazine and to the 
working face, and then, after it is used, tc be returned tc the magazine, 
transported to the sharpening shop, and resharpened. [n this 6-day cycle, 
the effective drilling time for an individual bit is approximately 2 minutes. 


DETACHASLE BITS 


The only new equipment added to the shop to recondition cetacheble bits 
was one bit-grinding machine. 


Three sections of steel are used in making up rods, as follows: 1-1/4- 
inch hollow round for drifters; 7/8-inch hollow quarter octagon for stopers; 
and 7/8-inch hollow hexagon for jackhammers. 


The detachable bits are mostly the four-point or standard cross—bit 
pattern, although there are a few six-point or rose-bit pattern. While it 
is thought that the latter tyne has some adventages, no definite conclusions 
have been reached regarding the stenderd for the mine. All bits have a | 
central water hole. 


All new bits purchased for 1-1/4-inch steel are 2-1/8 inches in diameter, 
while those for 7/8-inch steel are 2 inches in diameter. Bits are ground to 
standard 1/8-inch gage changes. With 1-1/4-inch steel the finisher has a 
1-5/8-inch gage, and with 7/8-inch steel it has a 1-1/2-inch gage. 


All dull bits returned from the mine are annealed before each regrinding. 
This is done by placing them in a furnace heated tc about 1,800° F. After the 
burner is turned off, the bits are left overnight to cool with the furnace. 

On the following morning these annealed bits are ready for grinding. One 
operator can grind 150 bits per shift. 


The average life of a forming wheel is about 1,400 bits, while that of 
& gaging wheel is 2,400 bits. ‘The bits sharpened were mixed sizes and gages, 
about 75 percent being for 7/8-inch rods and 25 percent for 1-1/4~inch rods. 
The bevel angle on the forming wheel for cross bits is 60° and for six-point 
bits is 50°. The life of the grinding wheels and the speed of cutting are in- 
creased by the use of a scluble cutting oil diluted with distilled water in 
the ratio of 1 part of ofl to 60 parts of water. As an additional protection 
to the operators beyond that provided by ret grinding, the use of respirators 
While grinding is compulsory. 


The bits are hardened after each regrind. They are screwed onto 7/8-inch 
drill~steel holders 22 to 25 inches long. After being heated in an oil 
furnace to about, 1500° F, they are plunged into a rising current of cold water 
with a submergence of 1/2 inch, or to the base of the wing. The quenching 
trough and the rack for supporting the bits and their holders ure show in 
figure 1, About 75 bits are hardened per hour by one operator, whose wage 
1s $0. 584 per hour. 


Bits average forr regrinds, or five uses. With an average penetration of 
8.92 feet, the life of the bit is 44.6 feet. 
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Figure | -Quenching trough with rack for supporting bits. 
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Frame 14° +4” iron, top slotted for4” rods 
eiieestiadionen 114” 


4° dia. steel handle 


Figure 2 -Detachable bit carrrer: 
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Two bit-carriers of the type illustrated in figure 2 are provided for 
each miner. These carriers have a capacity of 32 bits for use with 7/8-inch 
rods, or 20 bits for use with 1-1/4-inch rods. ‘The miner receives sharp bits 
at an underground tool magazine, which is centrally located, and returns all 
his bits to the same place. Sharp bits wre segregeted by sizes and sacked 
for transportation from the surface shop to the underground magazines. Dull 
bits are returned from the magazines to the surface in the same manner. 


Rods have been fabricated from an old stock of unused drill steel with 
0.85 percent carbon content. They are cut into lengths having differentials 
as follows: rods for drifters, 28 inches; for jackhammers, 24 inches; and 
for stopers, 18 inches. 


. he thread end of 1-1/4-inch rods is given a forging heat of 1,800° F. 
through a distance not exceeding 3 inches preparatory to upsetting. The rod 
is then normalized by heating to 1,600° F. and cooling in the open atmosphere, 
Next, threads are rough cut on a lathe at the mine machine shop. The threads 
ere then finished with hand dies. One machinist can thread 5 rods per hour, 
or 40 rods per shift. The rod is again normalized by heating it slowly to 
1,600° F. end maintaining it at this temperature for 1 hour, then cooling in 
a dry place with no draft. The thread end of the rod is slowly brought to 
1,540° F., as indicated by a pyrometer, and held at this heat for 1 hour. 
There mst be at least a 2—-inch overlap on the forging heat. The thread end 
is quenched in oil until black, when it is witndrawn and cooled in the open 
atmosphere. 


The shank end of the 1-1/4--inch rod is heated to 1,800° F. for forging, 
normalized by reheating to 1,600° F., and cooled in the open atmosphere. 
In the event that the hole in the steel is undersize, the rod is rehcated, 
punched, and forged to size. The rod is again normalized by heating it to 
1,600° F. and cooling it in the open atmosphere. The end is then heated 
through a length of 3/4 inch to 1,450° F. and quenched in water to a depth 
of 1/2 inch. When the color above the water line has disappeared from view, 
the steel is withdraw from the water and polished with emery cloth fastened 
cn & wooden stick. After this buffing, when the dcrk purple color reaches 
the end of the steel, it is quenched in oil until cold. The steel rod rests 
on a screen rack, 2-1/2 inches from the bottom of the quenching tank. Each 
shank is file-tested before use. 


The thread end of the 7/8-inch quarter-cctagon steel is heated throughout 
a distance of 1-1/2 inches from the end of the rod at 1,800° F. for upsetting. 
Two heats usually are required for this work. Any surface irregularities are 
removed by grinding. Normalizing is accomplished by heating to 1,600° F. and 
cooling in the open atmosphere. After the threads are cut, the rod is again 
normalized. An overlapping quenching heat is given at 1,540° F. 


The shanks on the 7/8inch quarter-octagon steel are plain and are not 
forged. After normalizing at 1,600° F., they are hardened in the same manner 
as the shanks on the 1-1/4-inch rods. 


For the 7/8~inch hexagon steel, a similar treatment is given, except 
that a collar is forged on the shank. 
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Each miner is furnished onc sect cf rods. These rods may be exchanged 
et en underground too]. house whenever replacement becomes uecessary. 


An experienced miner facilitates the removal of the bit from the red by 
keeping the compressed air on the machine for a moment after he starts ex- 
tracting the steel from the hole and by unscrewing the bit immediately after 
removing the drill stecl from the machine. | 


The loss of detachable bits is approximately 1-1/2 percent of the number 
issued. No especial trouble has been experienced with the rock crushers at 
the head of the mill because there is an occasional bit in the feed. 


Based on a record of the circtiLation of drill steel over a 5-month 
period, the service rati> of regular arill steel to driil rods for detachable 
bits is 1: 57. This means thnt in a given time the number of uscg for a 
rod carrying detachable bits is 57 times greater than that for a piece cf 
regular drill steel. Thus, jit is to be noted that more than a year's normal 
service for a piece of regular steel is crowded into one week for a rod with 
detachable blts. The ectual mumber of rods in service, including spares and 
other reserves, is 11.5 percent of the number of pieces of regular drill steel 
formerly in service for the same number of operating machine drills. The 
transportation ratio or the weight of detachable bits and rods compared to 
the weight of regular drill stecl required for the same number of operating 
machine drills is 1: 24. Or translated into percentage, the use of detachable 
bits has effected a reduction of 95.85 percent in the total weight of steel 
transported, 


COMPARATIVE PRREFCRMANCE AND COSTS 


The average cost per machine-shift for overating all drills using detach- 
able bits is $3.57. The drills are principally jackhammers, with some stoperg 
and drifters. The cost includes compressed air, which averages 25,000 cubic 
feet per machine-shift, pipe lines, machine repairs, drill steel, bits, and 
transportation of rods and bits, but excludes labor in drilling. The drili- 
shifts used in compiling the above cost total 245,000. Using 116 feet drilled 
per machine~shift, the total cost exclusive of labor in drilling is €0.031 per 
foot drilled. The purchiuse price for new detachable bits amounts to $0.0475 
per bit dulled, or $0.0053 per foot drilled. 
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Llowing detailed shop costs for detachable bits were taken from a 
tative month in 1936. 


_* 


| Cost Cost 
Number © Cost per bit per foot 
of units | per unit dulled | drilled 


Bits: 


DeuOr 45sec es a 


Hardening: 


Repairing unplugging and 
Straightening -~-..+------ 


TOURE: 9 feast eo sks ee ee te “ib Ge 


The records for April 1935 showed that the penetration of the detachable 
bit for each use wae 4.44 timee that of the cyanide-treated conventional bit 
on regular drill steel. Details of this test are below: 


Detachable R 
Toumber of maghine shifts ..~.~.+—- - - - 16 
Fett drilled... 2.4. .------ 1,856 
Bits dulled --~./..-.- Pe ee 208 

Feet per bit dulled ----------- 8.92 
Feet drilled per machine shift —- + — ~- - - 116.00 
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A five-months average for transportation and shop costs f'or conventional 
bits on regular drill steel was $0.0466 per foot drilled. LDetails are below: 


bit Gulled foot crilled 


Transportation (exclusive of miners! time)- - - ~ | $0.0420 $0.0209 
Shop cost, sharpening (exclusive of new steel or 

steel replacements) - ---------+---- ~0516 | 00257 
Total transportation and shop - --------- 0936 0466 


Although the costs for drilling with conventional and with detachable 
hits have not been sepregated in such & manner as to permit the comperison of 
all the details, yet there is a marked reduction in the total cost per foot of 
drilling through the use cf detachable bits. 


UNITED VERDE EXTENSION MINING COMPANY — JEROME, ARIZ. 
CONCLUSIONS 


Through a wide range of drilling conditions, the detachable bit has in- 
creased the number of feet drilled per bit as well as the drilling speed and 
has reduced the cost of nipping. The diminished scale of operations and the 
large stock of regular drill steel has retarded the adoption of detachable 
bits throughout the entire mine. Complete costs to compare detachable bits 
with conventional bits are not available at present. 


ROCKS DRILLED 


The rocks drilled are silicified gossan, diorite, greenstone, schist, and 
porphyry. A variety of drilling conditions is encountered, from occasional 
sticky ground through irregular seamy areas to hard and abrasive rock. 


OPERATING PRACTICE 


The cylinder diameters of the machine drills in service are as follows: 
Drifters, 3-1/4 inches; jackhammer's, 2-1/4 inches, hand-rotated stoners, 2-3/4, 
inches; and automatic rotated stopers, 2~11/16 inches. Anvil blocks ere used 
in stopers only. There is one operetcr per machine. The cir pressure is 100 
pounds per square inch at the compressor and from 80 to 90 pounds at the drill, - 


Three sections of dvill steel are in use, viz., 1-1/8-inch hollow round 
with lugged shenks for drifters, 7/8—inch hollow quarter—octagon with plain 
shanks for stopers, and 7/8-inch hollow hexagon with collared shanks for jack-. 
hamers. The bits are the 4-point type with an angle of 90° between cutting 
faces and with double clearance tapers of 5° and 14°. The gage change is 1/8 
inch on a drill run of 18 to 24 inches. Most bits have a central hole, but a 
few bits for use in sticky ground have a side hole. 
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The bits are forged at an estimated 1,800° F. and are reheated to 1,500° F. 
for hardening. They are quenched in water. 


The shanks arc subjected to a forging heat of 1,800° F. and are cooled in 
the open air. ‘ne enaus are then reheated to 1,600° F. through a distance of 
2 inches and after treating with a hardening ccmocund ére quenched in >il. 


CONVENTIONAL BITS 


With conventional bits on regular steel approximately 1.5 feet are 
drijled per bit dulled. The feet drilled per machine shift in drifts and 
crosscuts varies from 60 to 70, depending upon the ground, while in stupes it 
is sbout 50. The drill holes average 5.5 feet in depth. 


The sharpening shop is on the surface near the collar of the supply 
shaft. Its equipment comprises the following: 2 oil-—burning furnaces for 
forging heat, 1 oil-burning furnace fcr harcening heat, 2 machine sharpeners, 
2 punches, 2 portable steel rack supports, 2 sliding steel racks at furnaces, 
l double emery wheel, 1 air hammer, 2 anvils, 1 forge, Z quenching tanks, and 
various small tcols. High-pressure air from the mine compressed-air mains is 
used in the furnaces. The steel drills ere loadec on special cars, which run 
on rails through one portion of the shop anc on steel turnsheets through the 
remainder. The dull steel from the mine is placed in hins along the walls of 
the shop. The sharp stecl is loaded directly from the quenching trough into 
the special steel cars. These are constructed with compartments formed by 
metal dividers so that the drill stecl stands vertically in the car. Under- 
ground, the nippers push the steel cars from the shaft stations to distributing 
points, whence the miners carry the steel to the working faces. The nippers 
collect the dull steel at the face. 


With an output of 300 pieces of drill steel per day, two men are required 
in the shop for unloading, sorting, cleaning, sharpening, hardening, and load- 
ing. The total. shop cost per bit sharpened, including steel loss, is estimated 
to be $0.10. 


DETACHABLE BITS 


Detachahle bits are used principally in development through schist and 
in stopes where the nipping cost is high. Short time studies have indicated 
a greater number of feet drilled per bit anc a higher drilling speed than with 
regular drill steel, As yet, no ectual operating date are aveilable for 
complete deteiled comparisons. On the present diminished scale of operations, 
there is a comperatively large quantity of regular drill. steel on hand which 


has tended to retard the adoption of detachable bits throughout the entire mine. 


Detachable tits are reground on a home-made machine by the rock-drill 
repairman in his uhop adjoining the collar of the shaft. The bit grinder con- 
mists of a double emery wheol with a 12-inch forming wheel and a 10-inch gaging 
Wheel. A guide for the bit holder was developed by cutting a 2-inch pipe in 
half, longitudinally, through a length of 5 inches, and by welding one of these 
pieces to a post supported by ‘the tool rest supplied with the original equip- 
nent, The trough thus formed was sloped at an angle of 14° from the horizontal 
and was notched at its lower end to conform tc the bevel of the wheel. Two 
lugs, 1/4 by 1/2 by 1 inch, were welded near the upper end of the pipe to main- 
tain the bit holder in alignment. The bit holder itself was simply a short 
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shank of' jackhammer steel, onto which the bit was screwed. 


The drill steel for use with detachable bits is 7/6-inch hexagon and 7/8- 
inch quarter-octagon. The bits are  4~-point with side hole. There are four 
regrinds or five uses per bit. About 10 bits are dulled per day. Bits are re- 
sharpened at the rate of 15 per hour. One sharpening whcel will grind 1,000 
bits. Detachable bits are not reforged nor rehardened at this property. New 
bits purcnased average 50 per month. 


In reconditioning rods, the thread end is heated to an estimated 1,800° F. 
and upset in a machine sharpener. Threads and shoulder are cut in a bolt mach- 
ine with e special set of dies. After heating to approximately 1,450° I. and 
sprinkling with a hardening compound, the thread end is quenched in oil until 
cold. The shank end is given heats for forging and hardening that correspond 
to those above. The total rod breakage is less than 1 percent. 


Bits are exchanged by the miners on the surface at the sharpening shop. 
The bit carrier is a simple wire loop. There have been no broken bits, and the 


percentage of bits lost is negligible. 
WESTERN MINE NO. 2 
CONCLUSIONS 


Detachable bits are used exclusively in driving drifts, while conventional 
bits are used in stoping, raising, and shaft sinking. The large number of 
hand-rotated stopers in service has prevented the use of detachable bits in 
stoping and raising. In order to overcome this limitation, an experiment is 
being conducted for adapting detachable bits to hand-rotated stopers by means 
of a ratchet in the fronthead, but the results are not yet conclusive. 


Because of the distinct separation of the two systems of drilling, operat- 
ing data are not available for detuiled comparisons. Notwithstanding the fact 
that the shop cost of forging conventional bits on regular drill steel is less 
than the purchase price of detachable bits plus the cost of regrinding, the 
advantage in the cost per foot drilled appears to be with the detachable bits 
because of the large sevings in trensportation expense and the reduction in 
the loss of steel. 


ROCKS DRILLED 


The rocks drilled are principeily diabase, sulphide ore, and some sedi- 
ments. Because these vary from hard to soft, there is a variety of drilling 
conditions, although there is no sticky drilling. The siliceous, massive 
Bulphides are especially «uhraaive. 


OPERATING PRACTICE 


The diameters of the cylinders of the machine drills at present in use 
are as follows: Drifters, 3 and 3-1/2 inches; hand-rotated stopers, 2-3/4 
inches; jackhammers, 2-1/2 and 2-5/8 inches. Drifters have a 30-inch run; 
stopers, 13 inch; and jackhammers, 24 to 28 inch. There is one man per machine, 
except for drifters in large headings, where there is a miner and a helper. 
The air pressure at the drill is about 30 pounds per square inch. 
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The following sections of drill steel are in service: For drifters, 1-1/4- 
inch hollow lugged round; for etopers, l~inch hollow quarter-—octagon with plain 
shanks; and for jackhammers, both 7/8-inch hollow, collared, hexagon and 1-inch 
hollow, collared, quarter-octagon. All steel contains 0.95 percent carbon. 


The steel-snarpening shop is in the mine yard near the portel of the supply 
adit. The equipment consists of the following: 2 machine sharpeners with 
punches, 2 single-opening oil-burning furnaces, 1 air hammer, 1 tolt machine, 

1 drill press, 1 single emery wheel, 1 double emery wheel, 1 forge, 3 anvils, 
l bench vise, and 2 quenching tanks. 


On the regular ste) the conventional bits have an angle of 90° between the 
cutting faces and doubls: cle2rence tapers of 5° and 14°. The gage of the start- 
ers is 2~3/16 inches and of finishers is 1-11/16 inches. Jacknenmer starters 
7% than 4 feet in length have a gage of 1-13/16 inches. The gage chenzge is 
1/8 inch. 


With conventional bits on regular steel, the feet drilled per machine 
shift in raises is 68, and in shafts, 72. Using repuler stecl with jackhammers 
and stopers, the feet drilled per bit dulled in shafts, raises, and stopes 
varies from 2-1/2 to 16 and averages 6.53. ‘The average depth of hole drilled 
is 5 to 6 feet. The estimated feet of hole drilled per month is 80,000. The 
loss of steel from all causes is 0.24 nound per bit sharpened, or 0.036 pound 
per foot of hole drilled. 


Conventional bits are forged at an estimetcd tempcrature of 1,900° to 
2,000° F. Three heats ore generally required for fubricating new bits and one 
heat for resharpening them. For hardening, the bits .re heated to a cherry red, 
or about 1,400° F., snd are quenched in water to which some potassium cyanide 
has been added. The quenching tank is emptied and cleaned once each three 
months. Approximately 600 pieces of steel per day are snurpened and hardened 
by a crew of four men, 


In forging shanks, two heats at a temperaturc of 1,900° to 2,000° F. are 
generally required. The steel is alicwed to cool in air. On the follcwing day 
the steel is normalized by heating slowly to about 1,490°% F. After one hour at 
this temperature, it is get in a rack to cool in air. The shenks are hardened 
by heating the ends to 1,400° F. through a distance of 1 inch eid by quenching 
in oil until cold. They are then placed in a rack to drain. 


The steel is transported in cars, which are pushed on and off the cage at 
the shaft and are mm throuphout the various levels as required. Air hoists are 
installed at raises for handling the steel, whick is loaded in wocden buckets 
\4 inches square and 24 inches high. 


The following tabulation, based on estimated foctages, shows the average 
cost per bit dulled and the average cost per foot drilled in stopes, raises, 


and shafts in connection with stopers and jackhammers using regular steel with 
Conventional bits: 
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Operating costs for drilling in stopes 


raises, and shafts with conventional steele/ 


Cost Cost Accumulative 


per bit | per foot cost per 


drilled foot drilled 


Reconditioning drill steel, total - - ~ = + Os | $0.0129 £9..0129 


Tabor Sy Sa es Ses te eh s,s 


General shop expense, total ~-------+- 0160 


Compressed air -~--+---------- 
Fuel oi] and gas ~ ----------- 


Supplies --+~-------+------- 


Transportation of drill steel, total -- - - 0383 
Through haulage adit - -~-------- 
Underground distribution and collection 
Hoisting ---.---+--+-j-+-----+--- 
Miners, toplanders, and raise hoistmen - 


Operating machine drills ---------- .2368 


Labor ieee 2S ees es es 
Compressed air --------+---- 
Machine drill repuirs --------- 
AP TONee: cee ees ee es ee 
Water lines: 6 aS Sie oe eee es Se 


Total operating exclusive of supervision - - «2368 


1/ Based on studies made Ly Paul T. Allsuan, ausistant-mining engineer, 
United penkes oui” anaiaie jin June 1936, 
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DETACHABLE RITS 


Uctachable bits are used cxclusively in driving drifts. Because Jarge 
mounted machines are employed on this work and because all other drilling 
throughout the mine is done with smaller machines using regular stecl and 
conventional bits, there is no common basis for a detailed comparison of 
results from the two systems. The estimated feet drilled per montn with 
detachable bits is 13,000. 


Since acquiring the original stock of detachable bits, all new bits 
purchased have beon 2~1/4-inch gage. Detachabl< bits are not reground at 
the mine but are sent to a custom machine shop some 60 miles distant. A 
flet rate of 10 cents per bit is charged Yor shurpening. bits are not 
ground to a definite gage but cre first sharpened and then sorted into lots 
thet have following geges with c meximum differential of 1/8 inch. 


There is en averege of 1.38 regrinds or 2.38 uses per bit purchased. 
The average feet drilled per bit duiled is 14.84, ana the feet drilled per 
bit purchased is 35.3. The gage loss is 1/32 to 1/8 inch per bit dulled. 


kods are reconditioned at the company shops. chenks are forged by 
exactly the same methods «s employed fur regular steel. The thread enc is 
upset at the drill~shearpening shop end ennealed in lime. The shoulcer is 
turned and threads are reugh cut on @ lethe. The threeds are then finished 
on hend dics, Hardening is accomplished by heating the entire length of the 
threaded portion to a slightly lower temperature than for hardening 3nanks, 
and by quenching in oil until cold. 


The distance drilled per rod broken, based on e record cf six rods, 
averaged 328 feet. On the basis of the number of times used, the breakage of 
the rods wes 0.77 percent. 


Fit carriers are simple loops of wire onto which the bits are strune. 
Bits are exchanged by the miners at the warehouse un the surface. The loss 
of bits frem all causes for a recent 6-month period was 1.7 percent. 


An interesting experiment for adapting detachable bits to hand-rotated 
Sstopers is now in progress. Py making a ratchet an intezral part of the front 
heed on the stoper, rotation of the drill stcel is confined to one direction. 
Mhile the device seems to have possibilities for this purticular field, yet it 
is still in the development stage sand its operation has not been sufficiently 
extensive to permit forming finsl conclusions. 


The following tabulation, besed on estimatcd footages, shows the operating 
costs for Grilling in drifts with a drifter having a cylinder 3-1/2 inches in 
diameter and using detachable bits. 
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Operating costs for drilling in drifts 
with detachable bitgl/ 


Accumulative 
Cost per Cost per cost per 
bit dulled | £ «t <rilled | foot drilled 
| 
Bits, total ----------+-+-- $0.1727 0.0116 0.0116 


New bits (at 27.3¢ each) 2.38 uses  .1147 
Regrinding bits (outside contract 


at 10¢ each) - -------- ~0580 
Rods, total -~+--~--------- .0158 0012 0127 
Labor, fabricating and 
reconditioning -------- -00'70 
Steel replacement - ---- - - 008s 
General shop expense (compressed air, 
fuel oil, gas, supplies), total - - ~0016 .0001 0128 
Transportation of rods, total - - - - [0026 .0002 0130 
Through haulage adit - - - - - - -0001 
Underground distribution - - - ~ «0009 
Hoisting -+-+1---+-=9-~---+- .0016 
Operating machine drills, total - - - 1.7454 ~ 1176 » 1306 
[ebOn: See oy Se See 1.3120 
Compreesed air -------- - «1648 
Machine drill repairs - - - - - «1589 
Air lines -~~--~------ 00574 
Water lines ---------- ©0523 


Total operating, exclusive of 
supervision - ~~+-+------+~-- 1.9381 «1306 ~1306 


1/ Based on studies made by Paul T. Allsman, assistant mining engineer, 
United States Bureau of Mines, in June 1936. 
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THE HILLSIDE MINE, HILLSIDE MINES, JINC., HILLSIDE, ARIZONA 


CONCLUSIONS 


Since detachable bits are used exclusively no operating statistics are 
available for comparison with statistics on conventional bits on regular drill 
steel, One of the advantages of the detachable bit at this mine is the small 
cost of nipping, while another is the elimination of all forging and hardening 
of bits and shanks at the mine shop. 


ROCKS DRILLED 


The principal rocks drilled are schist with quartz lenses and ore. These 
are seamy and may bo either soft or hard and abrasive. 


OPERATING PRACTICE 


Two kinds of rock drills are used, viz, jackhemmers with 3-1/2-inch diameter, 
which are also mounted for use as drifters; and 2-5/8-inch-diameter stopers 
equipped with automatic rotation. The hammer in each machine strikes the shank 
of the drill steel direct, without any intervening anvil block. There is one 
man per drill, except in very hard ground, where the operator has a helper. The 
éir pressure is 90 pounds per square inch at the compressor. 


All drilling is done with detachable bits. Sixty to eighty feet are drilled 
per machine shift. Drill holes average 5 feet deep. The footage per bit dulled 
is 15 to 20 feet. 


The drill-sherpenine shop is located at the portel of the adit. The equip- 
ment consists of one bit—grinding machine of stendard make, a blacksmith's forge, 
ond anvil. The sections of steel in use cre hexagon, querter-octagon, end round, 
ell of which are l-inch in diameter. The shenks on cach section are lugged, so 
that there is in reality one universal class of drill stecl at this property. 


The life of rods was reported as satisfactory. When a shipment of broken 
rods has accumulated they are transported by truck anc rail to a custom con~ 
version shop 77 miles distant. 


Bits are the standard four-pvint design with an angle of 90° between cutting 
faces. The blacksmith grinds the bitg as a pert of his routine when not engaged 
on other work. Winers exchange bits «xt the shop. New bits purchr:sec are cither 
2 inches or 1-3/4 inches in diameter. Thcy havc tro regrinds, or three uses. 

The life of a bit is 45 to 60 fect. Bits are discerded at 1-1/2-inch gage. 


Bits are not rehardened, The length of run is 1 foot for hard ground and 
2 feet for soft ground. 


WESTERN MINE NO. 3 
CONCLUSIONS 
The use of detachable bits has been limited to long-hole drilling with 


Leyner steel in open-pit operations. This is because the economy in the use of 
Cetacheable bits is largely due to the cost of steel transportation and nipping, 
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which are at the maximum for regular steel when drilling long holes. The drill- 
ing speed of detachable bits excceds that of conventional bits by 17.5 percent. 
In hard ground, on account of excessive abrasion in drilling which limits re- 
sharpening to one regrind, it has been found profitable at this mine to reforge 
and reharden detachable bits after each use. 


ROCKS DRILLED 


The principal rocks drilled are schist, porphyry, diorite, siliceous 
Sulphide, masSive sulphides, and sulphide ore. These present a wide range of 
drilling conditions, because they may be hard, abrasive, fitchery, shattered, 


seamy, or soft. 


OPERATING PRACTICE 


At this mine the sizes of the machine drills are as follows: jackhammers, 
2-1/2 inches; sinkers and drifters, 3~1/2 inches; stopers, 3 inches; and wagon 
drills, 3-1/2 inches. There is one operetor per drill for jackhemmers and 
sinkers, while for the drifters and wagon drills there i8 an operator and a 
helper. With mountec drills in underground mining the miner is given help only 
when setting up his machine. The sir pressure is 100 pounds at the compressor 
and about 85 pounds at the drill. With conventional bits on regular drill steel, 
the footage drilled per machine shift with wagon drills is 50 feet when drilling 


0-foot holes. All drilling is wet. 


The steel-sharpening shop is near the portal of the supply adit. A spacial 
truck with a horizontal box divided into four compartments is provided for trans- 
porting drill steel underground. For delivery on the surface, both track busses 
and auto trucks are used. All steel is segregated at the shop according to its 
length. The steel in service is 1-1/4~-inch hollow, lugged round for drifters 
and wagon drills; l-inch hollow, quarter-octagon for stopers; 7/8-inch hollow, 
collared hexagon for jackhammers; and 7/8-inch hollow, collared, quarter—octagon 


for pluggers. 


The shop equipment is as follows: 1 shanking machine; 8 machine-sharpeners, 
including 2 spares; 8 punching machines; 13 oil furnaces using 1-1/4-pound air 
pressure; 11 pyrometers; 1 electric furnace; 2 automatic heat-treating machines; 
2 circular, turntable-type, steel racks; 2 double emery wheels; and 1 detachable 
bit grinder, Machines are installed on each side of a central track. The floor 
areas adjacent to the side walls of the shop are laid with steel plates. This 
arrangement permits the use of trucks with flanged steel wheels. The oil quench- 
ing tank is water-jacketed on the sides by means of 160 feet of 1-1/4-Ainch pipe. 


REGULAR STEEL 


The full capacity of the shop is 2,500 pieces of regular drill steel per 
shift. One sharpener with a helper sharpens 375 to 400 Leyner bits per shift, 
or 450 to 500 jackhammer bits. About 100 pieces of steel per day are sharpened 


for each man in the shop. 


For regular steel, the forging temperature as indicated by pyrometers on oil 
furnaces is 2000° F. The hardening heat is 1,425° to 1,430° F. Bits are quenched 
in cold water. The Brinell hardness of finished bits is 550 to 600. 
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Shanks are forged and hardened as described below in the discussion on 
detachable bits. 


For regular drill steel the gage change is 1/16 inch. The finishers for 
jackhammer steel have a 1-1/2-inch gage, while those for the mounted drills 
have a 1-9/16-inch gage. Jackhammers and mounted drills have a drill run of 


15 inches. 


Bits heve a double taper of 5° and 14° with 90° between cutting faces. 


Because of the large number of machine sharpeners in operation, it is 
possible to designate « separete machine for each bit size. By this means it is 
not necessary to change dies for different bit gages. | 


DETACHABLE BITS 


Detachable bits are used only on Leyner steel for wagon drills and tripod 
drills on deep holes. Two men with a large drill average 57 feet of hole drilled 
per shift. From 500 to 700 bits are dulled per month. 


Shanks are forged on rods at a temperature of 2,0009 F. The hardening 
heat is 1,500° F. Quenching is done in a standard quenching oil. The Brinell 
hardness is 340 to 387. After upsetting at a temperature of 2,050% F, threads 
are cut on a lathe in the adjecent machine shop. Yor hardening, the thread end 
is reheated to 1,400° F. and quenched in oil until cold. 


The maximum diameter of detachable bits used eat this property is 3 inches. 
In drilling soft ground or rock that is not very abrasive, there are three re- 
grinds or four uses per bit purchased. The cistance drilled per bit purchased 
is 8,56 feet. Before badly worn bits are reground, they are annealed, and 
after regrinding they are rehardened, The life of a sharpening wheel with 12-inch 
diameter and 2-1/4-inch thickness averages 320 bits, while that of a gaging 
wheel with 12-inch diameter and 1-i/2-inch thickness is 900 bits. Bits are 
carried by the miners on a wire loop. A single jack, which has been particlly 
annealed, and a Stillson wrench are used for lousening bits thet are difficult 
to remove from the rod. 


For use in hard, abrasive ground, where the first regrind would penetrate 
the hardened shell, the process of reforging detachable hits instead of regrind- 
ing them has been found preferable. Sy means of special dics for the machine 
sharpener, one bit per minute can be rcfarged. Three scts of dies are required 
for forging a complete set of bits nith gage limits of 3 inches to 1-7/8 inches, 
For forging, the entire bit is heated evenly at 1,800° F. in an electric furnace 
with pyrometer attachment. A short piece of threaded steel rod is used to hold 
the heated bits in the machine sharpener. It has been found that for best re- 
Sults the rod shoulda be cold when it is screwed into the hected bit. The bits 
are hardened in an automatic heat~—treating machine with pyrometer attachment. 
They are heated to 1,430° or 1,500° F. und plunged into cold water to a depth 
of 1/2 inch for 10 seconds. The depth is then gradually increased until they 


ure completely submerged. 
COSTS 


For conventional bits, the direct shop costs over a 5-month pericd for a 
total of 58,368 bits averaged 8.93 cents per bit sharpened. This was exclusive 
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of the stecl loss, which wes cstimated at 3 cents for Leyner stcel. Th2 cost 
for cach class of rerular steal is listed below: 


Cost per bit sharpened, 


Class of steel = in cents 
Underground steel, average ~--------- 10.0 
Open-pit steel, average -----+------- 8.93 

Plugger -----~-+--+--------- 6.6 

Jackhammer - ----—---+-------+---=+ 12.3 

Leyner ---------+--- ----- Let 


The cost of transporting end nipping steal used in the open pit amounted to 6.61 
cents per piece handled. The averugc shop cost is segregated as folluws: 


Iten Percent of total cost 
Operating labor ~- -----+-+----+---- 69.02 
Operating supplies ----~+---------- 3.75 
Fuel (Diesel oil) +~------------ 7.28 
Electric power - ---+------------ | 3.01 
Compressed air - -------------- 1.3032 
Repair labor ~---------------- 1.76 
Repair supplies - -------------- 1.86 

NC tex Goce Gs. ee a ee ate ee 100.00 


The relative cost of sherpening the several classes of regular steel is 
skowm by the following ratios or sharncning cost factors: 


sharpening 
Class of steel Bit gage cost fuctor 
Open pits 
Plugger OS. Ee ee ae ere ee A ee = fe) ee ee eee eee ers Sar eee oe, 1.00 
Short jackhammer - - - — - — - -e ee ee He 1.64 
Long jackhammer --~-~------------- 2225 
Long Leyner - - - - - 1-11/16 to 2-3/4 ----- 2.36 
Underground: 
Leyner - ------ 1-9/16 to 1-11/16 - - - - - 1.55 
| 1-3/4 to1-7/8 ----- 1.35 
Stoper: iia eae 1-1/2 to1-7/8 ----- 1.50 
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Thc following operating statictics compar. the lift of bit, rate of pene- 
tration, Joss in bit vage, brerakace of ee and fect drilled per machine snift. 
They show thet the detachable bit with 1-l/4-inch eteel roc drills LZ.i percent 
farther and 17.5 percent faster, with smaller rage loss, then the conventional 
tit on regulir steel. 


Regular steel, 


Item conventional bits Detachable bits 
Inches dvilled per bit --~--------- ris I9 25.66 
inches drilled per minute - - - ------ 9.49 11.15 
Gage of bits used - -------~+--- 2-3/4, to 1-5/8 2-3/4 to 1-9/16 
Feet drilled for 1/32 ineh reduction in bags: 

Quartz porphyry - ----------+- 4.84 perce 

Wassive sulphides - ~ - -- --—---+- - 1,28 1.69 

Schist -----+----+-----+---- 1.19 1.72 


Steel breakege (in percent of times used): 
W/8-inch pluyzer - -~------~--- 
7/3-inch jackhammer - - -- -- --- - 
l-inch stnper - - ----------- 
1-l/4-inch Leyner - - - -- ------ 

fit breakage, percent ----------- 


Feet drilled per machine chift - - ----- 


At this property mich of the advantage of the higher drilling speed of the 
Cetachable nit and its prenter penetration per bit dulled have been counteracted 
by the increase in the mumber of broken bits and threaus and by the additional 
difficulties in removing stuck bits. Of the total number of hits: used, 4.8 per- 
cent required the use of e Stillson wiacnch to remove them from the rods. Under 
these cireuastanees, detachatle bits are economical only in long-hole drilling in 
the open pit, where ‘transportation and nipping costs fcr conventicnal bits are 
et the maximum rete for the minc, viz., 6.Gl cents per niece of drill steel 
handled, 


Becnuse of the low ccst of trensporting ond nipping regular stcel, the 
usé of detacheble bits hes not been ecnsidered for underground work, 


BIG CANON HINES, MOUNTAIN COPPER CO,, PLUACERVILLE, CALIF, 
CONCLUSIONS 
At this mine detachable bits are economical only for special work, such as 
Grilling in certain stopes where the transportation and nipping expense for 
regular steel is excessive. In comparing the detachable bits with the regular 


tits, the factor most favorable to the cetachable bits is the outstanding saving 
in transportation and nipping. The rectors unfavorable to the detachable bits 
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are the reduction in drilling speed with the detachable bits, the excellent bit 
life for regular bits, and the small steel loss for regular bits. 


ROCKS DRILLED 


The prevailing formation is silicified schist in which the ore occurs as 
a replacement deposit accompanied by pyrite, quartz, ankerite, and calcite. 
Although the schist is universally densc, its hardness is variable. 


OPERATING PRACTICE 


Drifters having a diameter of 3-1/2 inches are used for all drilling except 
in raising. The comnon section of drill. steel is 1-1/4-inch hollow round lugged 
for lengths under 10 feet. In soft ground, for lengths above 10 feet, 1-inch 
quirter-octagon is used. One man usually operates a machine, but where several 
machines cre drilling in one face one helper may assist the entire group. Air 
pressure is 100 pounds at the compressor and about 90 pounds at the drill. The 
effective actual crilling time per 8-hour machine shift is 2-3/4 hours. 


The drill-sharpening shop is neer the collar of the main hoisting shaft. 
Equipment, consists of 2 machine sharpeners, 2 punching machines, 1 pedestal 
shenk-grinder, 1 bit—grinding machine, 1 double-opening oil-burning furnace 
using a 2-pound air pressure, 1 water quenching tank, 1 oil quenching tank, 

1 forge snd anvil, 1 air hammer, and various small tools. 


CONVENTIONAL BITS 


The miner or ninper selects his own drills at the underground steel racks. 
For hard rock the drill run is 14 inches and for soft rock it is 18 to 24 inches. 
Conventional bits are the 4-point end-hole type with 90° angle between cutting 
faces and with 5° end 14° clearance tapers. All drilling is wet. The 1-1/4-inch 
round stecl carries a 5/16-inch hole. The gage changc, starting with a 2-1/4- 
inch bit, is 1/8 inch per 12-inch run. For bits less than 1-7/8-inch gage the 
change is reduced to 1/16 inch per 12-inch run. The distance drilled per bit 
dulled is 1.17 feet. 


Four men in the shop sharpen and harden an averaze of 700 picces of regular 
steel per day, 


DETACHABLE BITS 


Detachable bits were adopted in February 1936 for use in certuin stopes 
there the cost of transportation end nipping was very high for the regular steel, 


With detachable bits, there is one operator for each machine and sometimes 
one helper for each three machines. Holes in stopes are drilled to a depth of 
8 feet. Drifters average 41 feet per machine shift. A 3-pound annealed hammer 
18 provided to facilitate the removal of bits that are not readily unscrewed, 
About 225 detachable bits are dulled per day. The distance drilled per bit dulled 
is 1.26 feet. Bits are the 4~point, end-hole type. The average number of bits 
broken is 0.28 percent of the total number used. The average feet drilled per 
tod broken is 76. Approximately one-eighth of total rod breakage is at the 
thread. Rods are 1-1/4 inches in diameter. 


The drill mm is 15 inches with 1/8-inch gage change. Bits are rehardened 
after the second regrind or third use, and thereafter on each regrind to a minimum 
Size of 1-5/8 inches. Since the last three sizes are rehardened, the bits are 
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annealed before regrinding. Since the rehardening practice was adopted there 
has been an increase in the number of regrinds to 4.8, which is equivalent to 
5.8 uses per bit purchased. The life of a bit is 7.3 feet. 


Tne grinding wheels are 12 inches in diameter. A forminy wheel sharpens 
500 bits and a gaging wheel gages an average or 300 bits. Approximately 180 
bits are sharpened and gaged per man per shift on grinding. 


Shanks on rods are forged at an estimated temperature of 1,800° to 1,900° F 
They are quenched in a stendard brand of quenching oil after bane been heated: 
to approximately 1 450° F, The thread end of the rod is turned on a lathe at 
the mine machine shop. It is then heated to an estimated 1,450° F. and sprinkled 
with a hardening powder. After a few seconds it is quenched in oil until cold. 


The bit carrier is a loop of wire. The miner picks up sharp bits at the 
shop on the surface and delivers them at the close of the shift to the shaft 
station. A nipper returns them to the shop. 


The following comparative costs show the results of a 3-weeks test made 
previous to the adoption of the detachable bits for special work. It does not 


include the loss of miners’ time in handling steel nor the cost of operating 
machine drills. 


Detachable bits 

Cost tate Cost Cost 
Unit per bit per foot 
cost dulled/ {| drilled 


per foot 
$0.0530 


Grilled 


New bits ---------- $0.0420 


Regrinding bits, total - - - 0491 - 0390 
Labor - -~------ ae SR ae ~--- 
Wheels ~------- site Bs ---- 

Reconditioning rods, total - -0048 0038 
Shanks -~----+---+- ~0040 ---- 
Threads --~------- 0008 ees 

Steel loss -~~-~---+--+-- ~0205 ~0162 

sharpening -------- ---+- 

Fuel oil and miscellaneous 

shop supplies (estimated) - 20028 

Nipping (estimated) - - - - ~0080 


1/ Based on 5.1 uses per bit purchased. 


Google 


I.C,6951 


The operating date below show drilling speed, penetration per bit dulled, 
and loss of steel when arilling with conventional and with detachable bits: 


Item bits bits 


Drilling speed, inches per minute actual cutting time 4.0 
Inches drilled per bit dulled ----------- 15.1 
Breakage of rods, percent of times used - —- —- - - - 1265 
Loss of steel from all causes, pounds per hit dulled 1/ in 


l/ Exclusive of steel in detachable bits. 


WESTERN MINE NO. 4 
CONCLUSIONS 


By adopting detachatle bits a saving of 45.7 percent is shown for bit- 
sharpening cost per foot drilled. Comperative drilling date indicute a con- 
siderable saving in complete costs. No small factor in the success of detach- 
able bits at this property is the carefully controlled operetions in the 
company's shops for reconditioning drill rods and bits. 


ROCKS DRILLED 


The prevailing formation is monzonite porphyry with some diorite and 
rhyolite. The rock varics from soft to very hard and from sticky through 
ravelly to dense and uniform. The average drilling is quite abrasive. 


OPERATING PRACTICE 


Since October 1, 1934, all drilling has been done with detachable bits. 
Vertical holes are drilled dry in an open pit to an average depth of 28 feet 
with 3+1/4-inch drills mounted on tripods and with 4-inch wagon drills. For 
plugging, a 2-5/8-inch machine is employed. Air pressure is 100 pounds at 
the compressor and 90 pounds at the drill. Over a recent 6-month period an 
oe of 6.9 feet was drilled per bit dulled. The life of a bit is 48.3 

eet. 


The drill-~sharpening shop is at the approach to the pit. The sections of 
drill-steel rods in use are 1-1/4-inch hollow lugged round, 1 inch-hollow lugged 
round, end 7/$~inch hollow collared hexagon. The steel carries about 0.9 per- 
cent carbon, Only 12-1/2 percent of the former drill-steel inventory is re- 
quired for detachable bits. 


The sharpening shop is 30 feet wide and 80 feet long. Its equipment com- 
prises 2 grinding machines, 4 oil~burning furnaces using air at 14 pounds 
pressure, 1 electric furnace with pyrometer, 1 tempering furnace with oil bath 
and indicating pyrometcr, 1 tempering furnace with salt bath and indicating 
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pyrometer, 1 ariil-rod-threading machine, 1 double emery wneel, 1 electrically 
driven hacksaw, 1 drill-steel-—sherpening machine, togethcr with anvils, quench- 
ing tanks, enu small tools. 


Detachuble hits are the 4-point, end-holc type. New bits purchased have 
the following gages: 23-inch, 2~7/8-inch, and 2-3//-inch. The gagc change is 
1/8 inch on a 4-foot run. The smallest bits used mre 1-3/4 inch. Large holes 
are Gesirable to facilitetc springing cnd londing. Therc are 6 rerrinds or 7 
us¢3 per bit purchased. There if a loss in gape of 0.02 inch per foot of drill- 
ing. After the bits are sharpened, they ere sorted to the nesrest 1/8-inch gage. 
About 16,000 bits are usec per month, or 620 por day. One men can grind and 
gage an averege of 133 bits per shift. In the frinding process, bits are first 
sharpened on the forming wheel. and then squured on the gaging wheel. Although 
no figures erc avcilable to show the actucl percentace of bits lost, it is 
mom to be almost negligible. 


In grinding bits, two men work on each grinding machine. In one shift two 
men can form end page 250 Leyner bits or 325 plugger bits. The life of forming 
wheels is 600 Leyner bits or 1,000 plugger bits, while for egrging wheels it is 
700 Leyner bits or 1,100 plugger bits. One man can harden and temper 500 Leyner 
bits or 700 plugger bits. 


Plugger bits, which are used for block-hcliny in the hardest rock, are re-— 
hardened after each use. Leyner bits used on 1-1/4-inch rods in mounted drills 
require rchardening efter either the first or second resrind. An average day's 
classification of bits in services follows: New bits, 20 percent; bits reground 
only, 24 pereent; bits rehardened and resround, 56 percent. 


In the hardening process Leyner bits are heated for 50 minutes in the 
electric furnace at a temperuture of 1,500° F. Plugger bits are heated for 
45 minutes et a temperature of 1,450° F. Both kinds of bits are quenched in 
brine by placing the cutting edees on & punched plute shelf with 1/2-inch sub- 
mergence in an open stecl tank. A rising current of solution 1s maintained by 
means of a oirculatine pump in the tank. After 60 seconds the bits are removed 
from the shelf and completely submerged. After conling, they are removed from 
the brine and reheated in the oil beth in the tempering furnace at a temperature 
of 400° F. The Leyner bits remain in the bath for 50 minutce and the plugger 
bits for 45 minutes. Upon cooling in the open air they are ready for use. 


Detachable hits are transported in a stecl tray divided into 12 compart- 
ments each 7~1/2 by 3 by 4-1/2 inches deep. Hound iron handles project 3 inches 
across each end. The overell dimansions are 12 by 30 inches. The cepacity of 
this trey is 60 bits. [Prilling is continuous for 3 shifts per day. Hits are 
delivered in trays to the drill by a supply men. The drill operator replaces 
dulled bits ln the tray, which is returmed to the shop by a nipper. 


RECONDITIONING RODS 
Shenks are forged at 1,800° F, After the forging operetion they are norm- 


alized ty being heatec to 1,500° F. and cooled in the open air. They are then 
given a hardening heat at 1,450° F. and are quenched in cool tempering oil. 
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The ends of the shanks on the ].-1/4-inch steel are squared on the finishing 
dolly in the machine sharpener without grinding on an emery wheel. On the 7/8- 
inch steel, es the final shyup operation, they are squared on an emery wheel. 


The crew for shanking long drill rods consists of four men - one on the 
furnace, one on the sherpening machine, und two for handling the rods, This crew 
can forge shanks on 20 pieccs of 1-1/4-inch lugged stecl per hour, or 40 pieces 
of 7/8-inch collarcd steel per hour. 


In the threading operation, the rods are first sawed off square and smooth. 
After being heated to l, 800° and upset in the sharpening machine, they ere per- 
mitted to cool. They are then reheated to 1,400° F. end annealed in epectetty 
rround silice or in lime. Atter being senoated to an estimated 1,500° F. in an 
cil furnace, they are quenched in cool dd of standard erade for this work, 

They are tempered in a salt bath at 525° F. for 50 minutes. They are given an 
interrupted ouench by being dipped briefly in water and cooled in air. 


Previous to the adoption of detachable bits, a 10-day test was run in hard 
ground with two 3-1/4-inch drills mounted on tripods, during which the following 
data were developed. 


Gea bits bits 


Total feet drilled ----+--+--+-+----+---- - 577.9 78.2 
Drilling speed, inches per minute, actual 

cutting time ------+----+----+---- 21.97 24.460 
Feet drilled per bit dulied/ . ~~ - 2.30 3.33 


Gages of bits, inches --~----------- 2-3/8 to 2-1/2 | 2-7/8 to 3 


1/ These figures recently increased to 5.24 for conventional and 6.90 for 
detachable bits. 


Detachable bits thus showed a 12-percent increase in drilling speed and 
44.8 percent increase in distance drillea per bit dulled. 


Comparative partial costs per foot drilled for conventional and detachable 
bits are below. The costs tior detachable bits are for a recent 6-month period, 
While the figures for conventional bits are for a similar period immediately 
preceding the adoption of detachable bits. 
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Comparative partial costs of drilling 


Conventionel tits Detachable bits 

Item dulled driiled dulled drilled 
sharpening, total ----+----+---+- Ss aie 
Labor --+-+«=-+-=---+-=s = ~ Bs i a 
Opercting supplies ------ - ee 
Fquipment repair supplics - - ~ Saeee Set sce 


New bits, remrinding and rehardening; 


labor and supplies - -----+--- £0.0181 
Rods, reconditioning: 
Threads: Labor, loss in steel, 
fuel; miscellaneous supplies; 
repairs to cquipment - - - - - ~0006 
Sans: acess eS ees Sees eS 2/ 
Steel loss, total ---+---+--+-- eee oi ves 
Sharpening loss - ~------ -~--- 
Broken and stuck in hole - - - - 0072 
Transportation and nipping - -- - - 2/0007 
Interest on steel inventory - - - - - .0003 
Interest and depreciation on shop 
equipment; repairs and cepreciation 
on shop building - ------- - - 0008 
Total ~--~+~--~--------- 0277 


1/ Exclusive of compressed-air costs. | 

2/ Costs not Segregated for this process during this particular period. 
Costs assumed to be the same for both classes of tite. 

3/ Estimated. 


WESTERN MINE NO. 5 


CONCLUSIONS 
Hot-milled conventional bits on regular steel are used for all routine 


aoe because the indicated cost per foot drilled is lower than with detach- 
able bits, 
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The following factors at this particular mince are favorable for conventional 
bits: 


1. The sharpening shop has long teen noted for fabricating conventional 
bits of a highly superior quality. 


2. The sharpening costs for conventional bits are exceptionally low. 


3, The distribution costs for conventional bits are well below the 
_ average for underground metal mines. 


4. The cost for new cetachable bits is excessive because of their short 
life es reflected in total feet drilled per bit. This is the re- 
sult of drilling in extremely abrasive material, which rapidly 
destroys the bit. 


5. The sharpenine ensts for detachable bits is hither than the everage 
for mctal mines. 


6. The drilling speed is greater with hot--milled conventional bits. 
7, The penetraticn per bit dullea ig less with cetuchable bits. 

The factors favoruble for detachable bits are as follows: 

1. Lower steel-replacement cost. 

e. Low distribution cost. 


3. Low interest end depreciation charges for sharpening-shop equipment 
and steel inventory. 


4. Reduction in loss of miners! time account trunsporting steel (not 
show in detailed costs). 


ROCKS DRILLED 


The rocks drilled comprise sedimentary and intrusive rocks, soft oxide ore, 
and siliceous massive sulphide ore. There are various phases of contact metamor- 
phism and limestone replacement. These rocks vary from soft and sticky to hard 
and extremely abrasive. 


OPERSTING PHACTICE 


All routine drilling at this mine is wet and is performed with conventional 
bits on regular steel. A unique feature of the sharpening process adopted in 
October 1934 is a combination of forging and kot-milling. The rock drill machines 
required for the wide range of drilling conditions are 3-1/4 to d-inch drifterc, 
2~-3/4~ and 3-inch stopers, and 2-1/2- end 2-5/8-inch jackhammers, The air pres- 
sure at the compressor is 90 pounds and at the drills it is 77 to 85 pounds, ‘the 
average depth of holes is approximately 6 feet. A shurp bit has an average penc- 
tration of 1.80 feet in dense, siliceous sulphides. The sections of steel in 
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use are l-inch, 1-1/8-inch, and 1-1/4-inch round for drifters; l-inch and 
1-1/8-inch round, hexagon, or quarter octagon for stopers; and 1- and 1-1/8-inch 
hexagon for jackhammers. The 1-1/4-inch steel for drifters is now obsolete and 
is not belng replaced. ‘he shanks on all thesc veriocus secticns aro lugged 


round, 


Bits have a 90° angle between cutting faces. Clearance tapers are 5° and 
14°, The gage change for a 15-inch drill mm is 1/8 inch for the larger bits 
and 1/16 inch for the smaller bits, as tebuleted telow: 


| Length Rit gaze 
ae ee 1-1/4-inch 1-1/8-inch 1-inch 
Drill Feet Inches steel eteel steel 
Starter: ais cee 2 6 2-1/16 2 1-7/8 
Second ---—- - - 3 Y 1-15/16 1-7/8 1-3/4 
A 5 6 1-13/16 1-5/8 
Fourth - ---- -- 6 3 1-3/4, 1-9/16 
Mfth ------ 7 6 1-11/16 1-1/2 


A 24-inch drill run is being considered for drills with automatic feed. 


The drill-sharpening shop is near the collar of the supply shaft. The 
equipment consists of 7 sharpening machines, including one spare; 7 pedestal 
punches; 6 furnaces, using gas at 12 pounds and air ct 90 pounds pressure; 

1 gas-fired lead bath with pyrometer; 4 hot millers; 1 large furnace for norm 
alizing; 1 double emery wheel; 1 water quenching tank; 1 oil quenching tank 
with water jacket and circulating pump; and stcel trucks with revolving racks 
with four compartments. . 


The estimated forging temperature for bits is 1,800° to 1,900° F. Bits 
are hot-milled on the same heat as for forging. The accuracy of gaging by this 
Rethod is shown by the established tolerance, which is less than 1/64 inch for 
this process. The wear on the milling wheel is very small, The wheel now in 
Service, which was made in the cnompeny's shcps, has sharpened approximetely 
200,000 bits but exhibits comparatively no wear. 


For hardening, bits are heated in a lead bath in a cast-steel pot. The 
temperature of the lead ig maintained between 1,425° and 1,440° F. by means of 
a indicating pyrometor znd manually controlled gas burner, It requires 1-1/2 
hours to haat the lead to the proper temperature. The drill stecl is placed 
in a circular steel turret, which moves in the lead pot at the rete of 30 
revolutions per hour. The turret holdz 16 pieces of steel. Since each piece of 
Steel remains in the bath for one revolution, or 2 minutes, the cavacity per 
hour is 480 pieces. The submergence of the bits in the load is 7/8 inch. To 
prevent oxidation, the molten lead is covered with a layer of charcoal 1 inch to 
1-1/4 inches deep. The weight of lead in the pot is 1,100 pounds. The replace~ 
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ment lead everages about 11 pounds per day. 
Bits are quenched by complete submergence in a rising current of cold water. 


Shanks are forged et 1, 800° to 1,900° F. (estimated), rehesuted in a eas 
furnace to 1,500° or 1,550° Fe, end paydeaed by quenching in a etanderd oil for 
this purpose. 


The entire drill steel in service is normalized at regular 18-month periods 
by heating in the normalizing furnace to 1,450° F. end cooling in the open air. 
Bits and shanks are then rehardened es described atove. No figures are cvailable 
to show the relative life of the normalized drill steel as compzred with the 
non-normalized. 


An average of 1,800 pieces of Stecl are sharpened per day. This requires 
& crew of eight men on sharpening and two on hardening. In addition, there is 
one Supervisor. The output per sharpening machine per shift is 4590 bits. This 
high rate is possible on account of finishing the bits on the hot-milling mach~ 
ines. 


There are twe types of special cars for trensoorting drill steel in 
service, one of which can he suspended in the cage for hvisting or lowering 
through the shaft. 


COMPARISON OF HOT-MILLED BITS WITH FORGED BITS 


The principal advantage of the combination forging and hot-milling over 
straight forging lies in the reduction in sherpening~shop expense. A disadvan- 
tage is the increased loss of stecl. lLebor is reduced 15 percent, or §0.007%4 
per bit sharpened, while the steel replacement is increased {0.0053. This 
makes a net advantage for hot-milling of £0.0021, or approximately 1/5 cent 
per tit sharpened. The comparative operating statistics shown below indicate 
a 7 percent increase in penetration for the hot-milled bit and approximately 
the same drilling speed. 


Item vits bits 


INCheS: Gy4 11 Gd: a ws see se po ae ss we ee, ee ee a 3,066 
Inches drilled per minute ~------------- 7.03 
Inches drilled per bit dulled - ----------- 21.59 
Inches loss in gage per fuot drilled --------- .072 
Average bit gage, inches -----------+---- 1-7/8 
Steel loss, inches reduction in length of drill steel 
per bit sharpened: 
Wear in crilling --+-------- meee ee .07 
Sharpening -~~-----~------7----7- 43 
Total ---~---+-- +--+ +--+---++------- 50 
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COMPARISON OF HOT-MILLED SITS ON 
REGULAR DRILL STEEL WITH DETACHABLE BITS 


On a special test in dense siliceous sulphide with 1-1/4-inch drill steel 
and a 4-inch drifter equipped with automatic feec, the operating data shown 
below were developed. These results are favorable to the hot-milled conventional 
bit. Thcy inaicate that with the detachable bit there is a reduction in the 
ees ia per bit of 16.5 perccnt and a decrease in drilling speed of 3.4 
percent, 


Saal —_ —_—-. —_ tated -_— 7 —_ been =_ ws —_ — —s ——_ me Cd = —_ —_ — nm am — —— — =p Cad — 


4/ In this test four different kincs of Cetachable bits were used. The 
figures in this comparison represent the detachable bit with the most 
favoreble showing. 
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The detachable bits were uscd until cither the clearance was lost or 
until the herdened stecl shell was worn through. The number of bits that were 
reground after the first use was 79.8 percent of tne bits purchesed. Fourteen 
and three-tenths percent of the first regrinds" were reground the second time. 
This totals 0.81 regrinds or ].81 uses per bit purchased. The life of a detach- 
atle bit is 3.2 fcet. 


Hct-milled bits Detachable 


Item on regular steell/ bits 
Inches drilled ~-+~-----+-------- 2,085 
Number of bits dulled - ----------- 100 
Inches drilled per minute - ------- - + 5.87 
Inches drilled per bit dulled -------- 20.85 
Inches loss in gage per foot arilled - - - - - 2071 
Avernge gage of bits, inches --------- 1~31/32 
Average air pressure, pounds/squsre inch ~ - - 77.81 


l/ These figures also used in comparison with straight forged hits above, 


The cost of sharpening, reconditicning, and distributing, calculated on 
the per-foot-drilled basis and detailed helow is 66.4 percent greater for de~ 
techables than for hot-milled conventional bits. ‘the estimated total cost 
per fout drilled would show a greater differential than this because cf the 
decrcased penetration und reduction in drilling speed with the cetachable bits. 
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In the cost details, interest on the capital expense was computed at the 
amuel rate of 4 percent end depreciaticn at 10 percent. 


The construction cost of the drill-sharpening shop building was $5,000. 
For hot-milled conventional bits the purchase price of the shop equipment was 
$20,000 and the inventory value of the drill steel in circulation was €21,900. 


For detachable bits, work would continue in the same $5,000 shop. The 
velue of the shop equipment cssential for detachable bits would be $7,590, 
and the inventory value of sufficient drill rods for all drilling throughout 
the mine would be 1,800. 


charpening Shop and Distribution Costs 


Hot~-milled 
conventional bits , L/ 
on regular teell/ Detachable bits 
Per bit Per foot Per Per bit Per foo 
Item dulled2?/ | arilled3/ dulled aritiess! 
New bits ee ee a ae SS oe ae es ee oe ee $0.23 $0.1271 $0.0730 
Sharpening, total - - | €0.0497 €0.0276 .0'700 .0313 .0180 
Labor ~ - - - - - 0420 ---- 0625 -~--- ee 
Supplies ---- | &/.0077 YCOis: | ateiees |) aye eue 
Shanking OE eS ae ee ~0006 ey 
Reconditioning rods,total - - - - . 0009 
Shanks ~--- - + ~~ + Say Ses 
Threads - - ~ -— - “~-+- si ee ew 
Steel replacement - - 0208 «0020 
Distribution, total - 0247 - 0038 
Underground nipping .0191 sie cod, 
Hoisting and sur- 
face handling ~- -0056 a tee Bes wes 
Interest. on capital 
expense, Steel shop, 
equipment, and steel 
inventory ---- - ~0060 .001L0 
Depreciation, steel shop 
and equipment - — - 0072 «0020 
Grand total -~ - - - - ~ 1090 ~ 1007 
l/ Over a recent 12-month period. 
2/ 346,741 pieces of steel. sharpened. 
3/ 1.80 feet drilled per bit dulled. 
Lf Special test (see discussion and data above). 
5/ 1.74 feet drilled per bit dulled. 
. Includes fuel (gas), compressed air, dies, dollies and miscellaneous supplies 


Includes grinding wheels and electric power. 
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AYJACONDA COPPER MINING CO., BUTTE, MONT. 


The Anaconda Copper Mining Co. was one of the first of the large mining 
companies to adopt the detachable bit. A complete description of the use of 
these bits at Butte may be found in an article by U. L. Herrien in volume 91 
(1930) of the Transactions of the American Institute of Mining and Metallurgical 
ingineers. 


The advantages of the detachable bit at this property in comparison with 
regular steel are stated in this article to be, (1) a reduction of 35.4 percent 
in the cost per cubic foot excavated, (2) a saving of several hours per day at 
each mine in transporting drill steel through the shaft, (3) an adequate drill 
steel supply, and (4) greater ease and less hazard in transportation of drill 
steel, 


USE OF DETACHABLE BITS AT SMALL MINES, 
COMPARED TO LARGE MINES. 


Figures that show the relative use of detachable bits by small and by large 
netal mines were furnished by a detachable-bit distritutor who dominetes this 
particular fielc in one Western Stete. These indicate that 92.3 percent of the 
users of detachable tits in this State are small operators, while 7.7 percent of 
the users are large operators. The small mines accounted for 33 percent of can- 
sumption and the large mines for 67 percent. 


DISCUSSION OF LIFE OF DRILL RODS 


One of the vital factors in connection with the use of detachable bits is 
the life of the drill rods. The question is often raised whether drill rods for 
detachable bits will deliver the same ultimate service in feet of hole drilled 
é8 will regular drill steel. The basis of this inquiry is the relative fatigue 
of steel that is used continuously and of steel that has short periods of use 
with long periods of rest, 


‘The generally accented idea of the mechanism of fatigue 
failure is that of the progressive spread of a minute crack, 
or of a plane of cleavage, from some nucleus. The nucleus 
may be a minute region of high localized stress (the root 
of a screw thread, for example}, or a minute flaw or region 
of weakness in the structure of the metal? 


5 Moore, H. F., Kommers, J. B., and Jasper, T. M., Fatigue or Progressive 
Failure of Metals Under Repeated Stress: 
American Society for Testing Metals, vol. 22, part 2, 1922, 


ne a eo a a a oe i oe el ae ee ee i on ee 
: —_ 


Results of experiments show that the fatigue strength 
of iron and steel is greatly influenced by heat treatment. 
Overheated steel is always weak, but can often be restored 
by reheating. Anncaling in general decreases the endurence. 
Steel in the sorbitic condition seems to be especially strong 
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against fatigue. It is certain, however, that the effect of 
heat treatment must always depend greatly upon the previous 
history of the m:terisl. From the few data that are avail- 
able, it would secm that wken metal has been subjected to 
repeated stresses it cannot be restored b;” annealing or by 
rest. The results are probably due to the fuct that the 

metal had been so highly stressed or the number of repetitions 
sc large that slip bands or actual microscopic Si had 
buen formed which were not healed by annesling? 


=o m= = Cd == ome Cd _— —_ —_ ae => awn — -_ bead om = —_ — — —- — co 2 — — -_~7 Cd — — — - — —_ =p — —-_ _ ~~ oe 


6/ Fatigue of Mctels: Johnson's Materials of Construction, 6th ed. 1926, 
chep. XXVIII, p. 825. 
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Metellurgists now agree that rest periods for drill rods have no benefit except: 
in the psychological effect on the user, and that minute cracks once started 
can not be healed. Because of this characteristic, rough handling of drill 
steel and drill rods, or any abuse in the shops, in transit, or in use that 
causes a nick or mark on the finishca surface of the drill stecl is detrimental. 
Many mines have increased the life of drill steel ana rods appreciably by care-~ 
ful handling. 


‘LIFE OF URILL RODS AT MIAMI COPPER CO., MIAMI, ArIZ. 


The Miami Copper Co. has developed some very interesting data on the life 
of drill rods for detachable bits. The following tabulations, furnished by 
R, #. Hughes, mine superintendent, are especially completc. Table 1 shows the 
comparative lite of rods fabricated from new bars, from broken bars thet were 
reforged after the first and second failures, and from old drill steel of in- 
determinate service. This table indicates that new stecl in its first 
service has the longest life; thet, of the three classes under ccnsideration, 
stoper rods render the greete:t service and drifter rods the least; and that 
rods converted from old drill steel have only one-fifth the life of new stecl 
in its first service. 


Table 2 classifies drill-rod failures eccording to their location with 
respect to the shank, the thread, or some position intermedinte between the 
two ends. This table shows thet most feilures occur in the midsection rather 
than et the ends and thet failures in the threads are negligible. 


Table 3 segregates the failures by the length of the rods. It revealg 


that seconds have the highest breakage frequency end that drifter seoonds exhibit 
the greatest rate of the three types. 
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TABLE 1. - LIFE OF DRILL RODS 


Old steel 
from used 
New steel drills All Steel 


1 rvice}] 2a Service | 3u service lst service 
eys Lays hice’ Deys ae Days Leys 
--Seetion i ife |Pieces|life |Pieces|life Pieces| life |Pieces| life 


19 10 123 | 28 
0 9) 32 | 7. 
2 8 Al | 51 

el 10 196 } 40 


TaBLE Z. - DRILL-ROD FATLURES, CLASSIFIED £CCORDING TO LOCATION OF BREAK. 


‘rifter 1-1/4-inch 
rod ---- = 


Stoper 7/8--inch 
quarter octegon 


Plugger 7/8-inch 
hexagon - - - ~ 


All steel - + - - 


GOld steel. 
New steel from used drills 
: "J ist reservice 
Between 
shank 
and 
Shank jthreaa |Thread| Total 


l-l/4-inch 
round ~ + ~ 43 4,0 


12 7 8 133 
Stoper, | 

7/8-inch 

quarter 

octagon - - 3 26 
Plugger, 


7/8~inch 
hexagon ~ - 9 21 


99 


oO 
B 
~“l 

Ww: 
a 

j 

t 

J 


Google 


OOT 


TEPOL 

T ~ - (49S) 

c - - (437) 

T¢ --. (pe) 

OF et (Oe) 
9T — 19418179 Ay 
ee a || 
S 


Sd0u HO HLDDNYT 2d duLvVOeuOUS SHUNTIVA GOY-TIIdG - °t€ AVL 


TS69°O°T 


eer ere 


Greenwood -~-—-- — = 
Beyes. Sue es Se See 
MONUD OGL: ay-ie) e) Serees cs 
VOGGN . <se. esi ete es es) 


Champion - --—-~ — 
Homestake -—~—— — — = 


WASCOt ence. ay da Soilyea es: od 


4A Mine in S,¥, 

MUSSOUTY mas ek 
turra Burra ~-.—- — — 
NON COY: es, Msh, orite st SS ra eae 


Idaho-Marylend -~ — — — 
western Mine No, ] ~ — 
United Verde Extension 


a : 
nesterm Mine No, 2 — — 


—-— ees 


rs 
-lg Cenon 


baad —? —_: ay —7 aD 


Western Mine No, 5 - 


y Approximate = 


(So 


APPENDIX I 


Feet drilled per 


roa broken 
conven- 
Rock drilled tional 


Greenstone, jasper, and 
iron ore 
Jasper and hard iron ore 

Hard lLimoni.te 

Quartz slutes 

Medium harc ore, slute, 
ana cherty iron 
formation 

Copper ore 

Amy zdaloid 

ciliceous ore 

Hard hematite ore - + ~ 

Dolomite and limestone-— 

Limestone and flint - - 

Flint and tiff 

Limestone end fiint - - 


Polomitic limestone - - - 
lietemorphosed sediments 
Limestone, quartzite, 


porphyry, and vein 
matter 
Silicified granite and 
schict 
Limestone, quartzite, 
norphyry, and sulvhide 
ore 
schist, serpentine, dia- 
base, diorite, quartz - 
lietemorphosed sediments 
diabase and porphyry - 
Gossan, diorit:, schist, 
greenstone ena porphyry 
Sulphide ore, ulabease 
and sediments 
Schist with quartz 
lenses and ore - --- 
cchist, porphyry, diorite, 
sulphides, and ore - - 
Silicified schist - - - ~ 
Sonzonite porphyry, 
diorite, and rhyolite - 
Retamorphosed sediments, 
porphyry, «end sulphide 
ore 


S35 


Total Jife 
detachable bit, 
feet drilled 
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Drilling speed 
inches per minute 


Mine Detachable 
Geneva - - - 2 - 1-5/8 3.81 | 6.11 
Soudan - - - 2 — 1-5/810.33 to 1.90] 0.42 to 2.09 
Greenwood - 2 -1-1/2 3.46 LT 
bates: <= e.ece| Sel / 2 We ere eee fo es ee 8.74 10.90 
Nontreal - - 2-1/4 - 1-3/4 8.1 10.6 
VV Cancer eee OPPO: SN cet: Rac a ke, es, eke ee 2S ee ee es ee eae de ees“ ee: ee Ss 
calumet & 

Hecla - - 1-3/4 ~- 1-5/8 8.2 8.3 
Champion - - 1-7/e - 1-9/16 10.0 9.9 
Homestake - Bence et es gee ee 12.0 12.0 
cliffs Shaft if 2 1.77 2.90 
Wascot - - - 2 - 1-1/2] & 6.0 7.0 
tendelari ~ 2-7/8 ~ 2-1/4) 13 13 
a 2-1/2 - 2-1/8 - 4 
alte-=- = : oy Ca 7 = 
Amine in §,E, 

Missouri ~ — = 12 - 
furra Burra 2B) siesji) z 
London < = = « 2 Aas = a 
Climax ~~~ ~ 2-7/8 2 - 18 
Utah Apex = ~ 2-1/8 - 1-3/4 2005 2.51 
Idaho-Maryland 1 2.3/8 2 = 
Yestern Mine 

Noo) + - 22/5. = hel/2 m 6 to 15 
United Verde 
; Extension - | 3-1/2 | ~~~... | ~-2-_--_e me wen aie tan. Me gcee ee adds aks woh 
‘estern Mine 

No, 2 + - 4 Voi, 2 : 
oo 6 a - 
'e8tern e 
a By css > s1s778 9.49 — 

anon ~~ 2-1/4 - 1-5/8} bed 
Nester Mine 
ae --- 3 - 1-3/4, 2.97 24.60 
"Stern line 

No, 5 7 e V/ 2 7.03 5 87 
y Starters only. 

Approxt gate, 

~36- 


Google 


TeC.6752. 


APPENDIX IIT 


Cost per foot drilled 


Conventional bits Total 
Transportation ee ie detachable 
Mine of steel by_ miners Total tits 
UC OVE: ee a Se Se te ee = ~- ad 
soudan ----- —- = + - - ~ F ag 
Greenwood ------- 7 ~ 0.105 
bates ---—- = =~ — = = ~ ~ _ 
Montreszl ~-+--+-—~ -— ~ 2 -- - 
Vel Can as Se ce. oS = s - 
Calumet & Hecla - - — — - - - 
Chanpion - ~----—---- s es 2 
homestead. 22S aja es a re a 
Cliffe: Cnet t == 2456 te - - 
MEGCOG sre ses eer eee 0.0026 ~ 0829 
Bendelard: sss. So, Sercs ~ - - 
BAUR sce ces Sy et AS ee Ge es _ s - 
PO era es Vika oes see ek se - 
A Mine in &.8. Misscuri - - es 
Burra, Barre: “ieee. es: ra _ = 
Bondon eee test eatin : i pes 21,1975 
Gh ee ee ee £0198 0193 2/043 4026 
Utah Apex -~---=-—-—- 0572 ‘ 3/ 1093 .0170 
Idaho-Merylsnd - ~~ — - ~0170 ~ 0607 0399 
Western ine No. 1 ~ - - 20209 = 4! 01.66 5/ ,0060 
United Verde Extension - - - = = 
vesterr: ine No, 2--— - 0223 wore oD &/ 2368 Y 1306 
PST GF ec tas os. ee est a = = _ - 
Western Mine No. 3 - — - ~ - = = 
UNE Canon seein Bi 8/ 9300 ” . L008 9/ 1118 
Western Mine No. Z - ~ - 0190 2 3/0510 3/ 0277 
| 3/0605 | 3/.1007 


Western Mine No. 5 ~ — - gOL3 7 | a 


The above costs do not include Grilling later end compressed cir. 

Includes operating rock drills. 

Cost of steel and bits, shep expense and trensportation. 

Shop and transportation only. 

Snop costs only (exclusive of cost of new bits). 

In stopes, raises end shafts. 

In drifts 

Approximate : 

Detachable bits used in special. work where transportation cost is 
higher than averuge shown. 


REITER RO US 


237 


Google 


